INTRODUCTION
Breast carcinoma is a major cause of cancer-specific mortality worldwide, and efforts are being made for its prevention and early detection, which is important. Breast cancer remains the most common cancer among the female population in China, with an age-standardized rate by world population of 21.6 per 100,000 [1] . In addition to the well-established risk factors for breast cancer, including age at first birth, menarche, and menopause; family history; ethnicity; and geographic variation [2] , the significance of exposure to circulating estrogen has been widely accepted as an important factor in the development of breast cancer. Recent studies have shown that estrogen is capable of inducing the proliferation of breast epithelial cells, making them more susceptible to genetic errors during DNA replication; malignant phenotypes are frequently generated by uncorrected replication errors [3] . Therefore, genes that regulate the transcription and translation necessary for the biosynthesis and metabolism of estrogen may contribute to the function of estrogen and, consequently, influence the susceptibility to breast cancer [2] .
Catechol-O-methyltransferase (COMT) is a phase II enzyme that inactivates catechol estrogen by methylation and may play a vital role in estrogen-induced carcinogenesis [4] . Aberrant expression of COMT has been observed in several malignancies, including breast carcinoma, in parallel with estrogen metabolism disorders. Recently, Catechol-O-methyltransferase gene (COMT) was found to be polymorphic in its participation Purpose: Catechol-O-methyltransferase (COMT) enzyme plays a central role in estrogen-induced carcinogenesis. Emerging evidence from association studies has revealed that the functional Val158Met polymorphism (rs4680 G > A) of the Catechol-Omethyltransferase gene (COMT) has been implicated in susceptibility to breast cancer in the Chinese population, while results of individual published studies remain inconclusive and inconsistent. To assess this association in the Chinese population, a meta-analysis was performed. Methods: Eligible studies were searched on MEDLINE, Embase, Cochrane Library, China National Knowledge Infrastructure, and the Chinese Biomedicine Database. Odds ratios (ORs) with their corresponding 95% confidence intervals (CIs) were pooled to assess the association between COMT polymorphisms and the risk of breast cancer using RevMan 5.2 and Stata 12.0 software. Results: The meta-analysis included 14 eligible studies, with a total of 4,626 breast cancer cases and 5,637 controls. Overall, the COMT Val158Met polymorphism (rs4680 G> A) was significantly associated with an increased risk of breast cancer in several genetic models (A/A vs. G/G: OR, 1.59, 95% CI, 1.12-2.27; A/A vs. G/A+G/G: OR, 1.62, 95% CI, 1.14-2.29; A vs. G: OR, 1.15, 95% CI, 1.00-1.32), and a subgroup analysis according to menopausal status showed that this association was especially evident among premenopausal Chinese women (A/A vs. G/G: OR, 1.87, 95% CI, 0.99-3.54; A/A vs. G/A+G/G: OR, 1.94, 95% CI, 1.03-3.63). Conclusion: The results of this meta-analysis indicated that COMT Val158Met variants contribute to breast cancer susceptibility in the Chinese population, particularly among premenopausal women.
in the development of breast cancer [3] . The polymorphism of COMT gene at codon 158 resulting in the amino acid substitution of Val with Met is designated as Val158Met, with COMT-H and COMT-L alleles. Individuals carrying the COMT-Met (COMT-A) allele are hypothesized to harbor a higher risk for breast cancer owing to the formation and accumulation of carcinogenic catechol estrogens [5] ; this hypothesis is supported by several lines of evidence indicating that this amino acid substitution is responsible for a decrease in COMT activity and dysregulation of estrogen metabolism [6] .
An increasing number of epidemiological studies conducted in the Chinese population have addressed the association between the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer. However, the results remain conflicting or even contradictory [3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Moreover, previous studies with pooled analyses of the overall population regarding this issue have yielded different conclusions, possibly owing to the different sample sizes and different ethnicities of the populations investigated [2, [20] [21] [22] . The discrepancies between previous overall meta-analyses and the inconclusive results of studies conducted in the Chinese population prompted us to perform a meta-analysis for a more precise estimation of the association between the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer in the Chinese population.
METHODS

Literature search strategy
Relevant papers included in the meta-analysis were systematically and electronically searched on MEDLINE, Embase, Cochrane Library, China National Knowledge Infrastructure, and the Chinese Biomedicine Database to identify association studies updated to July 2013 using the following limits: Humans, Chinese population, and article in English or Chinese. We developed a search strategy using the following query: ["COMT" or "Catechol-O-methyltransferase" or "Val158Met" or "rs4680"] and ["breast cancer" or "breast carcinoma"] and ["SNP" or "polymorphisms" or "polymorphism" or "variant"]. The reference lists of major textbooks, review articles, and all of the included articles identified by the search were then individually and manually reviewed to identify other potentially eligible studies for the meta-analysis. In cases of duplicate studies, only the one with the largest sample size was included.
Inclusion criteria
To be eligible for inclusion in the current meta-analysis, studies had to satisfy the following criteria: 1) case-control studies including nested case-control studies to evaluate the association between the COMT Val158Met polymorphism and the risk of breast cancer; 2) sufficient information provided for estimating odds ratios (ORs) with their 95% confidence intervals (CIs); 3) diagnoses of all patients with malignant tumors were confirmed by pathological or histological examination; 4) the frequencies of alleles or genotypes in case and control groups were able to be extracted.
Exclusion criteria
The following criteria were used to exclude studies from the analysis: 1) no control population was present; 2) they were not conducted in the Chinese population; 3) the outcomes of the study were not reported or were difficult to determine; 4) they were based on incomplete raw data or duplicated the results of previous publications; 5) they were abstracts, comments, letters, reviews, or editorial articles; 6) other necessary information for this meta-analysis were lacking, including studies based on families and those that did not specify the genotyping methods or provide appropriate references.
Data extraction
Using a standardized form, data from published studies were extracted independently by two reviewers to evaluate their eligibility for inclusion by first screening the title and abstract of each identified reference, and then establishing the eligibility of the included papers based on the full text when necessary. For each included study, the following information was collected: first author, year of publication, region, study design, sample size, source of control, genotyping method, allele or genotype frequencies, and evidence of Hardy-Weinberg equilibrium. Any discrepancy between the two reviewers was resolved by discussion and consultation with a third reviewer.
Statistical analysis
Individual or pooled OR and 95% CIs were calculated for the strength of the association between the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer using Review Manager version 5.2 software (provided by The Cochrane Collaboration, Oxford, UK; http://www.cochrane. org/software/revman.htm). The between-study heterogeneity was evaluated using both the Q test and the I 2 test; p< 0.1 and I 2 > 50% indicated heterogeneity [23] . The Q test was used to calculate the pooled OR if the between-study heterogeneity was significant across the included studies [24] , and the random-effects model was selected; otherwise, the fixed-effects model (the Mantel-Haenszel method) was used [25] . The sources of heterogeneity were appraised using stratification analysis, based on study characteristics such as menopausal status and source of control. Sensitivity analysis was per-formed by sequential omission of individual studies under various contrasts. The significance of the pooled OR was not influenced excessively, indicating the reliability of the results of the meta-analysis. Begger's funnel plots, in which the standard error (SE) of the log (OR) of each study was plotted against its log (OR), were drawn to estimate potential publication bias. An asymmetric plot suggested a possible publication bias; funnel plot asymmetry was assessed using Egger's linear regression test, and p< 0.05 was considered to be statistically significant [22] . The Begger's funnel plot and Egger's linear regression test were performed using Stata 12.0 software (Stata Corp., College Station, USA). All p-values generated were two-tailed.
RESULTS
Study characteristics
A total of 117 potentially relevant publications focusing on the COMT Val158Met polymorphism and breast cancer were retrieved using our search strategy. However, only 14 studies were ultimately included, in accordance with the established inclusion criteria. After reading the titles and/or abstracts, 101 studies lacked indispensable information or were not conducted in Chinese population and were excluded. Of these, 53 articles were excluded because they were irrelevant (34 articles), the language was not Chinese or English (4 articles), or they were letters or reviews (15 articles). Forty-eight articles were excluded because they were not case-control studies (5 articles), not conducted in the Chinese population (35 articles), had insufficient data (6 articles) or were family-based studies (2 articles). Sixteen studies were subjected to a full text review, two of which were excluded due to duplication (1 study) and a lack of essential information (1 study). A flow chart summarizing study selection is shown in Figure 1 . In total, 14 case-control studies involving 4,626 breast cancer cases and 5,637 controls were included in the final meta-analysis [3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Eleven studies were reported in English and three were reported in Chinese. Nine of the included studies were population-based studies, and five had a hospital-based design. Five publications were concerned with the COMT Val158Met polymorphism and premenopausal breast cancer cases, and six were concerned with the COMT Val158Met polymorphism and postmenopausal breast cancer cases. Detailed characteristics of the included studies are summarized in Table 1 . 
Overall results of meta-analysis
As shown in Table 2 , significant evidence of heterogeneity was detected in four genetic models (ph < 0.1), all except the additive model (ph = 0.4), and the random-effects model was used to calculate the pooled OR, in all except the additive model. Overall, the results of the meta-analysis showed that the COMT Val158Met polymorphism (rs4680 G > A) was significantly associated with an increased risk of breast cancer in the Chinese population in three genetic models (A/A vs. G/G: OR, 1.59, 95% CI, 1.12-2.27; A/A vs. G/A+G/G: OR, 1.62, 95% CI, 1.14-2.29; A vs. G: OR, 1.15, 95% CI, 1.00-1.32) (Table 2, Figure 2A Table 2 .
Results of subgroup analysis
According to the different menopausal status and sources of control, we also performed further subgroup analyses. In the subgroup analysis based on menopausal status, the polymorphism presented a significantly increased risk of breast cancer in a premenopausal group (A/A vs. G/G: OR, 1.87, 95% CI, 0.99-3.54; A/A vs. G/A+G/G: OR, 1.94, 95% CI, 1.03-3.63), but not in other genetic models. However, the postmenopausal group did not show a significantly increased risk of breast cancer in any model. The data were further stratified by the source of control, and the polymorphism only showed a significantly increased risk of breast cancer in population-based studies in the codominant model and the recessive model (A/ A vs. G/G: OR, 1.69, 95% CI, 1.06-2.69; A/A vs. G/A+G/G: OR, 1.71, 95% CI, 1.10-2.66). Similarly, no significantly elevated risk of breast cancer was associated with this polymorphism in hospital-based studies in any of the genetic models. All the results are presented in Table 2 .
Sensitivity analysis and publication bias
Since significant between-study heterogeneity was observed in the overall meta-analyses in some genetic models, we performed a sensitivity analysis by sequential omission of individual studies in an attempt to investigate the influence of each study on the overall OR. As a result, the significance of the pooled OR in all genetic models was not affected excessively, with the exception of the allele contrast model. We found a slight fluctuation of the p-value around 0.05 indicating a significant association of A versus G with the risk of breast cancer in the sensitivity analysis, the result of which is shown in Table 3 . Nevertheless, a significant association of this polymorphism with the risk of breast cancer was suggested by most results of sequential omission in the sensitivity analysis. Publication bias of the literature on the association between the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer was assessed by Begger's funnel plot and Egger's linear regression test. The graphical funnel plot shown in Figure 3 [12] 0.07 1.14 (0.99-1.32) R Fan, 2007 [11] 0.08 1.14 (0.98-1.32) R Xu, 2010 [7] 0.13 1.10 (0.97-1.25) R Wang, 2010 [17] 0.12 1.12 (0.97-1.29) R Wang, 2011 [16] 0.10 1.13 (0.97-1.31) R OR = odds ratio; CI = confidence interval; R = random effects model.
DISCUSSION
The present meta-analysis assessing the association between the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer in the Chinese population was based on data from all available studies published to date, representing the largest study so far. Our results suggest that the COMT Val158Met polymorphism (rs4680 G > A) is significantly associated with an increased risk of breast cancer in the Chinese population, particularly in premenopausal women.
The preponderance of data from epidemiological and animal studies indicates that estrogen signaling is central in breast carcinogenesis. The levels of estrogen are partially regulated by its catabolism. However, the participation of the genes involved in estrogen catabolism in carcinogenesis and the extent to which estrogen exposure modifies the associations of these genes with the risk of breast cancer require further investigation. Several molecular epidemiologic studies conducted worldwide have reported the potential role of the functional polymorphism, COMT Val158Met (rs4680 G > A), in determining the risk of breast cancer. An amino acid substitution yielded by a single G to A base pair change in the COMT gene is believed to result in a 2-to 3-fold decrease in the enzymatic activity of COMT, which was suggested to contribute to the susceptibility of breast cancer through its role in estrogen signaling [20, 26, 27] . To date, although many epidemiological studies conducted in the overall population have evaluated the association of the COMT Val158Met polymorphism with breast cancer, the results remain inconsistent; some original studies conducted in the Chinese population demonstrated an association between the COMT Val158Met polymorphism and the risk of breast cancer [8, 10, 13] , whereas others reported contrasting results [3, 17, 18] . We undertook the present meta-analysis to achieve a more precise estimation of the association between the COMT Val158Met polymorphism and the risk of breast cancer in the Chinese population. To our knowledge, this is the most comprehensive meta-analysis with the largest sample size focusing on the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer in the Chinese population.
Previous epidemiological studies conducted in the Chinese population obtained discrepant results. Huang et al. [13] and Cheng et al. [10] found a trend toward an increasing risk for developing breast cancer in women who harbored low-activity COMT (COMT L/L or A/A) genotypes. Similarly, a study by Tan et al. [8] showed that the elevated risk of breast cancer associated with the COMT A/A genotype was only evident among premenopausal women, but not among postmenopausal women. In contrast, Wang et al. [17] suggested that postmenopausal women carrying the COMT A/A genotype may possess a higher risk of breast cancer. However, Lin et al. [3] and Wen et al. [18] found no overall association between the COMT genotype and individual susceptibility to breast cancer.
In the current meta-analysis, we found evidence of a significant association between the COMT Val158Met polymorphism and the risk of breast cancer in the Chinese population on the overall analysis of 14 case-control studies involving 4,626 cases and 5,637 controls. In line with most individual studies conducted in the Chinese population, a significant association between the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer was found in several genetic models (A/A vs. G/G: OR, 1.59, 95% CI, 1.12-2.27; A/A vs. G/A+G/G: OR, 1.62, 95% CI, 1.14-2.29; A vs. G: OR, 1.15, 95% CI, 1.00-1.32), suggesting a contribution of the COMT Val158Met variant genotype to an increased risk of breast cancer in the Chinese population. Furthermore, subgroup analysis based on menopausal status and the source of control showed that the variant genotype was also significantly associated with an elevated risk of breast cancer in premenopausal cases (A/A vs. G/G: OR, 1.87, 95% CI, 0.99-3.54; A/A vs. G/A+G/G: OR, 1.94, 95% CI, 1.03-3.63) and in population-based studies (A/A vs. G/G: OR, 1.69, 95% CI, 1.06-2.69; A/A vs. G/A+G/G: OR, 1.71, 95% CI, 1.10-2.66). However, the results of present meta-analysis were not in accordance with previous analyses. He et al. [20] and Ding et al. [21] reported a decreased risk of breast cancer among European populations in the recessive model, with borderline signifi- [20] performed a more comprehensive analysis compared to previous reports, several more recent studies conducted in the Chinese population with larger sample sizes involving 2,006 cases and 2,018 controls have been reported since that study; these studies also failed to show any association in Asians (only 2,674 cases and 3,619 controls in the Chinese population, as well as 1,609 cases and 1,580 controls in other Asian populations), indicating that sample size or geographical variation were possible influences on the assessment of this association. Additionally, in premenopausal women, we found that the COMT Val158Met polymorphism was significantly associated with an increased risk of breast cancer in the Chinese population; this may be due to the interaction between the COMT polymorphism and menopausal status, which may play a critical role in catechol estrogen metabolism in breast cancer etiology, depending on the levels of circulating estrogens. Therefore, in a higher estrogen environment, such as that typically observed in premenopausal women, the presence of higher circulating levels of the catechol compounds of estradiol generated in an environment with low COMT activity may result in higher circulating levels of potentially mutagenic compounds, such as estrogens, leading to a relatively high risk of breast cancer in premenopausal women. These results were, at least in part, different from those of previously published studies, and this mechanism may account for these disparities. First, the discrepancies indicated that sample size was likely significant for the assessment regarding the association between the COMT Val158Met polymorphism and the risk of breast cancer. Second, the same polymorphism played different roles in breast cancer susceptibility among different regions or ethnic populations; since cancer is a complicated, multigenetic disease, diverse genetic backgrounds and environmental exposures may result in different influences on the risk of breast cancer through gene-gene and gene-environment interactions [28] . In the stratification analysis based on control source, we found a borderline significant increase in the risk of breast cancer among studies using populationbased controls but not in those using hospital-based controls.
The reason behind this difference may be that the controls were retrieved from an ill-defined reference population associated with the genotype investigated under the disease condition. Therefore, using a suitable and representative control population may contribute to a more reliable and robust result. Furthermore, heterogeneity is a potential problem that may affect the interpretation of the results. Obvious betweenstudy heterogeneity was found in the overall comparison of this meta-analysis. However, the observed heterogeneity was not significantly reduced by subgroup analysis, suggesting a possibility that other limitations may partially contribute to the observed heterogeneity. Despite the considerable efforts to explore the possible association between the COMT Val158Met polymorphism (rs4680 G > A) and the risk of breast cancer, some limitations need to be addressed when interpreting the results of this meta-analysis. First, the association of the COMT Val158Met polymorphism with the risk of breast cancer has been reported to be modified by related factors such as the consumption of soy isoflavones, consumption of green tea, duration from menarche to the first full-term pregnancy, and body mass index. Because of a lack of necessary data, the use of unadjusted estimates was unavoidable in this meta-analysis. Second, potential interactions of other important genes with COMT in similar biological pathways involved in the risk of breast cancer were not assessed because of the lack of original data. Third, the controls were not defined uniformly, and therefore, nondifferential misclassification was possible.
In summary, our meta-analysis demonstrated that the COMT Val158Met polymorphism (rs4680 G > A) was significantly associated with an increased risk of breast cancer, particularly among premenopausal women, in the Chinese population. In order to verify our findings, the interaction of estrogen metabolism-related factors and genes in similar biological pathways in the development of breast cancer with COMT should be evaluated for their influence on the susceptibility to breast cancer in additional well-designed studies with a larger sample size and an adequate methodological quality to properly control for possible confounding factors.
